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ABSTRACT
Anaerobic composting may be a way to eradicate Escherichia coli (E. coli) in viscera from cattle.
The presence of potentially harmful E. coli would account for one of the reasons that viscera by
law cannot currently be disposed of on a ranch premises. Investigating this to find whether E.
coli could be eradicated through this process could reduce inconvenience for ranchers to have
local slaughters in California and would be more sustainable as more nutrients would return to
the ranch land. This study was done by using E. coli inoculated viscera, which was then put it
into Bokashicycle anaerobic composting cyclettes. Then after the process had run the cycle, the
cyclettes were opened and again tested for the presence of E. coli. The cylette results varied, but
all the cyclettes significantly reduced their E. coli concentrations. One cyclette reduced E. coli
quantities to zero. This process was not perfected in this short study, but the results show much
promise to the future as a potential method of eradicating E. coli from viscera.
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tight sealing lid (orange in this figure). Also in this figure, the white nozzle is seen at the
bottom of the cyclette with a valve handle that can be opened or closed to drain excess
fluid.
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Figure 2. This figure shows one layer of food scraps with Bokashicycle culture mix
(anaerobic microbe and molasses blend) from Test Number One.
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Figure 3. This is the small food processor that was used in Test Number Two to reduce
particle size.
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Figure 4. This is the organic rich soil being added to the finely processed food scraps in
Test Number Two.
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Figure 5. This is an image displaying the water content of the cyclette in Test Number
Two. The water can be noted beading up between the fingers when the sample is squeezed,
but the water is not running off of the hand.
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Figure 6. This is an image of the viscera being cut up by hand at the California Polytechnic
State University Meat Processing Center.
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Figure 7. This is an image exhibiting the E. coli that is to be added to the viscera.
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Figure 8. The dilution series is underway in these three rows of test tubes for the
pre-composted check for the presence of E. coli.
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Figure 9. This is an image of a 100 milliliter test jar and the Colilert-18 mix being added.
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Figure 10. These images show the IDEXX trays getting prepared and put through the
sealer machine.
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Figure 11. This figure is showing the vinegar, brown sugar, and the Bokashicycle culture
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Figure 13. This figure shows what the soil method cyclettes looked like. Pieces of viscera
are visible, but well mixed in with the soil and food scraps.
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Figure 14. This image shows the wells of the IDEXX quantity trays and is under Normal
light. The yellow colored wells indicate some sort of bacterial coliform is present. A
majority of the wells do have some form of bacteria present.
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Figure 15. This figure shows a quantity tray after incubation and under ultraviolet light.
The glowing wells contain E. coli, the yellow wells contain some form of bacteria other
than E. coli and the clear wells have no bacterial coliforms.

14

Figure 16. This figure shows the inoculation loop being sterilized over a Bunsen burner.
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Figure 17. This figure is showing a sample being spread on a MacConkey plate using an
inoculation loop.
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Figure 18. This figure shows the three MacConkey plates after incubation. The pink dots
are small E. coli colonies. As can be observed from the images above, cyclette 1 had very
little E. coli present, cyclette 2 has no E. coli colonies and cyclette 3 has many E. coli
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each viscera test starting at time zero and ending at 30 days. These values were derived from
the most probable number of E. coli CFU in each solution which were obtained from the
IDEXX test results. In each dilution series the most readable value (not too high of a
concentration and not too low) was taken and multiplied by the dilution concentration to
receive the number of CFU per gram. These values were then averaged among the three
samples of each method carried out. At day thirty, there is only a bar showing the Bokashi
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STATEMENT OF OVERALL GOAL
The overall goal of this study is to find a more sustainable and more convenient method of
disposing of viscera from local slaughters by exploring anaerobic composting as a way to rid
viscera of Escherichia coli (E. coli).
Subgoals
•

Explore the presence of E. coli before and after anaerobic composting

•

Explore E. coli concentrations before and after Anaerobic composting process (higher?
Same? Greatly reduced?)

•

Explore possible applications of Bokashicycle and anaerobic composting

•

Learn more about the Bokashicycle and anaerobic composting

•

Explore potential use of soil and present microbes in Bokashicycle cyclette versus
Bokashi culture mix (microbe mix) and method

•

Expand my knowledge of sustainable practices for potential future employment in that
field
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CHAPTER 1
Introduction
In this section of the report there will be a brief background of why this study was completed and
some background information on some of the important concepts that are a part of this study.
This study originated around the variety of nuisances that arise due to regulation of local
livestock slaughters in California for small scale ranching operations. While there are
regulations put in place with the intentions of protecting consumers, livestock, the environment,
and workers, there are other alternative methods worth researching that could potentially
accomplish these same goals of protection yet are far less problematic in regard to time and the
environment. Among the many regulations in the livestock industry, the one that is most
pertinent to this study and was the driving force for making this study happen has to do with
viscera disposal after a slaughter. Viscera is defined as the organs in the cavities of the body,
especially those in the abdominal cavity (dictionary.com, 2013). Currently in the state of
California it is illegal to slaughter a cow and burry, compost or scatter the viscera on the ranch
property (Central Coast Agricultural Cooperative, 2011). This regulation is thought to be rooted
in the worry of spreading disease including viral and bacterial borne illness on land that is
ultimately a food production facility. The concern is that some of these viruses and bacteria that
may be present could get into groundwater sources or contaminate other areas of production that
could in turn directly or indirectly make a consumer more likely to become ill. This particular
regulation is not so worrisome to a large scale slaughterhouse that will have their viscera stored
on site and taken in large quantities to a rendering plant, but it is more troublesome to small scale
local meat production (Work, 2012). If a local butcher wanted to purchase one head of beef
from a local ranch, the butcher would have to transport all of the offal to a cooler/refrigerator
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where a local rendering plant would come pick it up for a small fee (Central Coast Agricultural
Cooperative, 2011). Local agriculture arguably has a lot of benefits to a community and the
environment but undoubtedly is part of the economy. Some regulations such as this, though
seemingly small, can add significant labor and therefore cost to such local production (Central
Coast Agricultural Cooperative, 2011). Also, returning the viscera to the soils of the ranch
would help keep more nutrients at the location of agricultural production.
Though there are several aspects of current regulation that could improve to better
support the local beef industry, this study focuses on a potential method of safely discarding the
viscera and specifically ridding the viscera of the potentially harmful bacteria Escherichia coli.
Escherichia coli (E. coli) is a very common unicellular bacterium that colonizes in the
gastrointestinal tract of most warm blooded animals within the first few hours or days after birth
(Todar, 2008). This being said, a wide variety of E. coli strains exist including some that are
pathogenic while others have little to no impact on human or livestock health. Some of these
pathogenic strains can live inside the intestines of cattle, or on the hide of cattle without causing
harm to the cow (U.S. Government Accountability Office, 2012). Despite no effects on the
cattle, these pathogenic strains can be very harmful to human health if transmitted into the
human body. Many of these pathogenic strains are Shiga toxin producing Escherichia coli
(STEC), with the most abundant specific strain in the United States being STEC O157:H7 (U.S.
Government Accountability Office,2012). This strain and other STEC strains are dangerous to
humans because they can cause severe bloody diarrhea and Hemolytic Uremic Syndrome which
leads to kidney failure and in turn can be fatal (U.S. Government Accountability Office,2012).
E. coli is a very resilient bacterium and is capable of adapting to a variety of environments. Just
as an example of E. coli adaptability, E. coli can: swim toward or away from a gas or chemical
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based on sensory ability; change pore diameter to survive changes in temperature and osmolarity
of its surroundings and can live in aerobic and anaerobic environments (IVD Research, Inc.,
2013). The list of these unicellular organisms’ incredible abilities to adapt continues on and
portrays the reason that this organism is so successful in survival and why it can be so dangerous.
This study revolves around the use of anaerobic composting. An anaerobic environment
unlike aerobic environments is defined by the absence of oxygen. The Bokashicycle is an acidic
anaerobic cycle that effectively ferments the organic contents of the cyclette when the pH is
below six and the cyclette is absent of oxygen. As fermenting progresses due to the anaerobic
state in the cyclette, carboxylic acids are formed as a result and this helps to continue lowering
the pH. As the pH becomes lower, this makes survival more difficult for competing microbes if
they are not specialized for this type of acidic environment. With the very low pH that develops
in the Bokashicycle cyclette, an anaerobic environment, and natural antibiotics produced by
anaerobic fungi, pathogens like E. coli and salmonella struggle to survive (Green, 2012).
This study will investigate the ability of anaerobic composting using the Bokashicycle to
rid viscera of E. coli.

4

CHAPTER 2
Materials
This section of the report is composed of a bulleted list of materials used to carry out the study.
•

Six Bokashicycle food scrap fermenting system cyclettes (buckets with an air tight
sealing lid to create an anaerobic environment, nozzle with a valve on the bottom to drain
off excess liquid, plate that sits on top of the fermenting material, and a plastic drain on
the bottom to allow moisture to get to the bottom of the bucket where it can be drained
without clogging the valve) (Figure 1)

•

1200+ grams Bokashicycle culture mix (anaerobic microbe and molasses blend)

•

900 cubic centimeters of brown sugar

•

3 gallons of vinegar

•

pH test strips

•

743 grams of coffee grounds

•

3026 grams of organic rich topsoil

•

Shovel

•

4 five gallon buckets for mixing

•

Food processor/ blender

•

Knives, cutting gloves, arm guard, cutting board, cutting gloves, apron, hairnet, latex
gloves, eye protection, hard hat

•

7 kg of viscera

•

Sterile razor blades

•

Spectrometer and cuvettes

•

Lab coat
5

•

Two scales: one for fine measurements of one to 300 grams; one to measure kilograms

•

1.2 Liters E. coli mix/ fluid grown to 0.83 in a spectrometer at 600 nm

•

Vegetable scraps (potato skins, broccoli stalks, sweet potato skins)

•

Test tubes and racks, 1 ml pipet, pipet tips, 0.85% sterile saline solution, sterile water

•

51 IDEXX Coliert 18 mix packets

•

51 100 ml plastic sample jars

•

51 quantity trays ( 49 large wells and 48 small wells)

•

Quantity tray sealer

•

Incubator set at 37 degrees C

•

Ultraviolet handheld light

•

3 MacConkey plates

•

3 100 milliliter Erlenmyer flasks

Figures
This section of the report includes 18 figures that have been added to give a visual description of
items or actions verbally described in the report.
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Figure 1. This figure shows one of the Bokashicycle cyclettes. The cyclette has an air tight
sealing lid (orange in this figure). Also in this figure, the white nozzle is seen at the bottom of
the cyclette with a valve handle that can be opened or closed to drain excess fluid.

Figure 2. This figure shows one layer of food scraps with Bokashicycle culture mix (anaerobic
microbe and molasses blend) from Test Number One.

7

Figure 3. This is the small food processor that was used in Test Number Two to reduce particle
size.

Figure 4. This is the organic rich soil being added to the finely processed food scraps in Test
Number Two.
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Figure 5. This is an image displaying the water content of the cyclette in Test Number Two.
The water can be noted beading up between the fingers when the sample is squeezed, but the
water is not running off of the hand.

Figure 6. This is an image of the viscera being cut up by hand at the California Polytechnic State
University Meat Processing Center.
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Figure 7. This is an image exhibiting the E. coli that is to be added to the viscera.

Figure 8. The dilution series is underway in these three rows of test tubes for the pre-composted
check for the presence of E. coli.
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Figure 9. This is an image of a 100 milliliter test jar and the Colilert-18 mix being added.

Figure 10. These images show the IDEXX trays getting prepared and put through the sealer
machine.
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Figure 11. This figure is showing the vinegar, brown sugar, and the Bokashicycle culture mix
(anaerobic microbe and molasses blend) being poured into the cyclette with the viscera.

Figure 12. This image shows one of the pH test strips after testing one of the cyclettes and the
strip displays a pH of about 4.
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Figure 13. This figure shows what the soil method cyclettes looked like. Pieces of viscera are
visible, but well mixed in with the soil and food scraps.

Figure 14. This image shows the wells of the IDEXX quantity trays and is under Normal light.
The yellow colored wells indicate some sort of bacterial coliform is present. A majority of the
wells do have some form of bacteria present.
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Figure 15. This figure shows a quantity tray after incubation and under ultraviolet light. The
glowing wells contain E. coli, the yellow wells contain some form of bacteria other than E. coli
and the clear wells have no bacterial coliforms.

Figure 16. This figure shows the inoculation loop being sterilized over a Bunsen burner.
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Figure 17. This figure is showing a sample being spread on a MacConkey plate using an
inoculation loop.

15

Figure 18. This figure shows the three MacConkey plates after incubation. The pink dots are
small E. coli colonies. As can be observed from the images above, cyclette 1 had very little E.
coli present, cyclette 2 has no E. coli colonies and cyclette 3 has many E. coli colonies.
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Figure 19. This figure shows the number of E. coli colony forming units (CFU) present at each
viscera test starting at time zero and ending at 30 days. These values were derived from the most
probable number of E. coli CFU in each solution which were obtained from the IDEXX test
results. In each dilution series the most readable value (not too high of a concentration and not
too low) was taken and multiplied by the dilution concentration to receive the number of CFU
per gram. These values were then averaged among the three samples of each method carried out.
At day thirty, there is only a bar showing the Bokashi viscera accelerant method because this
method had shown more promise at day 22 and therefore was the one method carried out due to
limited resources.

Methods
This section of the report will describe the steps followed in this study and are subdivided by
particular tests. Each subsection will begin with the purpose of that particular test.
Test Number One:
The purpose of this experiment was to become familiar with the Bokashicycle prior to
having access to viscera. On December 28, 2012, a mix of potato skins, sweet potato skins and
broccoli stalks were broken up into small bite sized pieces and added to a Bokashi cyclette.
17

Layers of the Bokashicycle culture mix were added between layers of the food scraps. Due to
not having a scale that read small weights available for use over winter break, a good covering
layer of culture mix was added between layers of food scraps in the cyclette but the exact
quantity is not known (Figure 2). The cyclette was then sealed and remained closed for fourteen
days where it was then opened and examined. Rather than bury the food scraps to continue the
rest of the cycle, the remains were kept and were to be added to the next test.
Test Number Two:
The purpose of this experiment was to look into using soil as an anaerobic microbial
source and create a starter mix for the three viscera and soil buckets to follow. On January 29,
2013, the remaining food scraps that had been kept sealed in the Bokashi cyclette from Test
Number One with the added microbe mix weighing 1739 g were taken and blended up in a small
food processor reducing particle size (Figure 3). This increased the surface area to allow the
microbes to get at the food source. A total of 3026 grams of organic rich top soil was added to
the bucket and mixed in with the blended food scraps (Figure 4). Then 743 grams of coffee
grounds were added for additional carbon content. The final addition to the cyclette was
additional water. All the parts were mixed thoroughly. The water was added until a fist full of
material was squeezed, and a drop of water would bead up between the fingers in the fist, but not
run off (Figure 5). The cyclette was sealed thereafter. The next day, the cyclette was shaken and
mixed. Fifteen days later from the original closure date, the cyclette was opened. This product
was not buried to finish out the rest of the cycle, but was resealed saved to be used as the starter
for the upcoming viscera tests.
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Test Number Three:
The purpose of this experiment was to test whether viscera with E. coli present could be
anaerobically composted acting as an effective means of ridding the viscera of potentially
harmful E. coli and thus making it suitable to be added back to soil to help maintain soil fertility
on site. First the viscera was harvested from the California Polytechnic State University meat
processing center. On February 14 and February 15, 2013 material from the small intestine, large
intestine and rumen were gathered from two fourteen month old beef cows (Figure 6). This
material was cut into bite sized pieces using a knife and cutting board while wearing safety wear
including: chainmail cutting glove on the left hand; standard cutting glove on the right hand;
plastic arm guard on the left arm; glasses; apron, hardhat and hairnet. A household blender was
attempted to be used to cut the viscera up into smaller pieces, but the viscera merely got tangled
up in the blade and had little to no effect in cutting the pieces smaller. The cut up viscera was
stored in a five gallon bucket in a walk in refrigerator until the rest of the experiment was set up.
The refrigerator was located just outside the meat processing center where all the meat
processing center’s viscera was stored awaiting disposal. In the California Polytechnic State
University Biology Department, 1.2 liters of E. coli was grown up in an incubator. The
spectrometer was zeroed and then after incubation and E. coli growth, another spectrometer
reading was taken at 600 nanometers and gave a reading of 0.83 (Figure 7). On February 20,
2013 the E. coli was added to all of the cut up viscera in a bucket and was thoroughly mixed.
Then from different locations of the bucket three one gram samples of viscera were taken. Three
rows of ten sterile test tubes that had been filled with 9 milliliters of 0.85% sterile saline solution
and a single one gram sample was added to the first test tube in each row. A dilution series then
followed for each of the three samples by taking one mL from the test tube containing the viscera
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after shaking/mixing it well and moving it to the second test tube in the row (a dilution of 10^-2).
After shaking/mixing the second test tube in the row, one milliliter was taken and moved to the
third test tube ( a dilution of 10^-3) (Figure 8). This continued all the way down the row of test
tubes to number ten (a dilution of 10^-10) and was repeated for each row. A one milliliter pipet
was used for moving one milliliter from test tube to test tube and new pipet tips were used for
each step of the dilution series to prevent contamination from more concentrated dilutions in less
concentrated dilutions. Next, one milliliter was taken from each test tube starting at the fifth test
tube of each row which was a dilution of 10^-5 through the tenth test tube of each row which had
a dilution of 10^-10. The milliliter samples from each of these dilutions were added to their own
100 milliliter sample jar where an additional 99 milliliters of sterile water was added to each
sample jar which diluted each value by an additional 100 milliliters making a dilution that was
previously 10^-5 a dilution of 10^-7. There were eighteen total samples taken as there were six
samples taken from each of the three rows. Each sample jar then had one packet of the IDEXX
Coliert 18 mix packets added to it (Figure 9). The lid on the sample jars were sealed and shaken
until the Colilert-18 powder had dissolved. Now each jar was poured into a separate quantity
tray that was then tapped with a finger or two to remove any air bubbles trapped in the wells
before the quantity trays were put through the tray sealer (Figure 10). Each quantity tray was
labeled with their row, dilution quantity, date and time after being sealed. As soon as all the
quantity trays were sealed, they were placed in an incubator at 37 degrees Celsius and they
would remain in the incubator for 20 hours.
Setting up the Bokashicycle cyclettes was done in two ways. Three of the six buckets
were set up using one of the recommended methods for composting viscera using the
Bokashicycle viscera accelerant method developed by Dr. Larry Green, and the other three
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cyclettes were set up with past Bokashicycle food scrap material and soil from Test Numbers
One and Two. All six Bokashicycle buckets had 2.25 kilogram of viscera added to each. The
three adhering to the Bokashicycle viscera accelerant method had 300 cubic centimeters of
brown sugar the about 2/3 gallon of vinegar and the 300 grams of the Bokashicycle culture mix
(anaerobic microbe and molasses blend) all mixed together and then poured into the cyclette with
the viscera pieces(Figure 11). The pH was targeted to be about 4 and was tested using pHindicator strips which require waiting until no further color change occurs (Figure 12). The 300
grams of the Bokashicycle culture mix (anaerobic microbe and molasses blend) was mixed/
layered into the viscera.
The other three cyclettes used the soil and Bokashicycle remains from Test Number Two
as a starter. The product from Test Number Two was evenly divided among the three cyclettes
by weight and mixed with the viscera. Additional organic rich soil was added to the cyclettes
and all three components were mixed together very well (Figure 13). Water was added to reach
a moisture content where a fist full of the material when squeezed would produce a drop of water
forming between the fingers but would not run off. After all the cyclettes were prepared, all six
cyclettes were sealed.
The following day, February 21, 2013 after the 20 hours that the quantity trays had been
incubating was up, they were pulled out and analyzed. The quantity trays were examined
visually under standard room lighting with florescent light to see if any bacteria colonies were
present and also the trays were examined under ultraviolet light which allows identification of
bacterial colonies that were E. coli (Figure(s) 14 and15).
The Bokashicycle cyclettes were stored in a temperature monitored greenhouse and
remained at a temperature between 24 and 27 Degrees Celsius for 22 days. Each bucket was
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labeled with a number one through six. All six buckets were opened and another dilution series
was done to test for the presence of E. coli but the dilution series was not carried out so far as to
save resources. This dilution series consisted of six rows with only four test tubes in each row.
This allowed each cyclette to have one row and gave dilutions ranging from 10^-3 to 10^-6.

A

nearly identical procedure was followed with a one gram sample of viscera added to 9 milliliters
of 0.85% sterile saline solution in a sterile test tube and one milliliter of shaken/mixed fluid was
transferred to the next test tube. This continued down each row out to four test tubes. Then one
milliliter from each was put into a test jar and where it had 99 milliliter added along with the
Colilert-18 packet. Upon the time the Colilert-18 powder dissolved, each jar was poured into a
quantity tray, sealed, labeled and put into the incubator at 37 degrees Celsius for 18.5 hours. The
quantity trays were examined for bacteria presence in the normal fluorescent room lighting and
then examined for E. coli in particular under ultraviolet light.
Test Number Four:
The purpose of this experiment was to investigate whether the E. coli present at the end of
Experiment Number Three could be further reduced by continuing the process for additional
time and investigating how low the concentration was in the cyclette that had readings of zero
colonies of E. coli at the lowest tested dilution of 10^-3. After Test Number Three, cyclettes
numbers one, two and three which had followed the Bokashicycle viscera accelerant method
were resealed for an additional eight days. The three cyclettes were stored in a room that
remained at a temperature between 24 and 25 degrees Celsius.

When the cyclettes were

reopened each was tested for the presence of E. coli dilutions of 10^-3, 10^-2, 10^-1 and also a
direct swab on a MacConkey plate. The 10 ^-3 dilution was done by taking one gram of viscera
from cyclette number 1 and putting it in a test tube with 9 milliliters of 0.85% saline solution.
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One milliliter from the test tube was taken after it was shaken/mixed thoroughly and put into a
100 milliliter sample jar. The sample jar was then filled with an additional 99 milliliters of
sterile water and the Colilert-18 mix packet was added. The sample jar was shaken until the
powder dissolved where it was then poured into a quantity tray. The quantity tray was tapped
with a finger to remove any air bubbles that were caught in the wells and then the tray was sealed
and labeled by time, date, bucket number and dilution quantity. This was repeated for buckets
two and three.
The 10^-2 dilution was done by taking one gram of viscera from cyclette number one
and put in with 10 milliliter of 0.85% saline solution where it was very well mixed. Then the
viscera was strained out and all 10 milliliters were added to a 100 milliliter sample jar. An
additional 90 milliliters of sterile water was added to the sample jar followed by the Coliert 18
mix packet. This jar was shaken well until the Colilert-18 powder had dissolved completely.
The contents of the jar were then poured into a quantity tray. The quantity tray was tapped with
a finger to remove any air bubbles that were caught in the wells and then the tray was sealed and
labeled by time, date, bucket number and dilution quantity. This was repeated for buckets two
and three.
The 10 ^-1 dilution was done by using 100 milliliters of 0.85% saline solution mixed
with ten grams of viscera from cyclette number one in a 100 milliliter Erlenmeyer flask. All 100
milliliters were then poured out of the Erlenmeyer flask into a plastic sample jar and the the
viscera solids were blocked by a thumb over the mouth of the flask while pouring. One Coliert
18 mix packet was added to the jar. The jar was shaken well until the Colilert-18 powder had
dissolved completely. The contents of the jar were then poured into a quantity tray. The
quantity tray was tapped with a finger to remove any air bubbles that were caught in the wells
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and then the tray was sealed and labeled by time, date, bucket number and dilution quantity.
This was repeated for buckets two and three.
The direct swab on the MacConkey plate was done by taking an inoculation loop and
sterilizing it over the flame of a Bunsen burner (Figure 16). The sterile inoculation loop was
given several minutes to cool down. The cool and sterile inoculation loop was lightly touched to
the material in cyclette number one. The inoculation loop was dragged making several tight
passes in the lower left portion of the MacConkey agar then several tight passes on the agar in
the upper left portion, followed by long sweeping passes all the way down the right portion of
the agar (Figure 17). The lid was then replaced on the MacConkey plate. The inoculation loop
was then sanitized again over the Bunsen burner and cooled prior to repeating these steps for
cyclette number two. The inoculation loop was then sanitized again over the Bunsen burner and
cooled prior to repeating these steps for cyclette number three. Each MacConkey plate was
labeled for the cyclette number, time and date.
All of the quantity trays and MacConkey plates were put into the incubator for 19.5
hours. The quantity trays were then examined under normal fluorescent room lighting and under
ultraviolet light. The MacConkey plates were examined for pink colored colonies which express
a presence of E. coli and the quantities of colonies were estimated (Figure 18). After Test
Number Four, the viscera in the Buckets were to be returned to the meat processing center for
disposal and therefore were not able to bury the viscera to do tests on the final step of the
Bokashicycle.
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CHAPTER 3
Results and Discussion
This section of the report contains what happened in the study and what that is interpreted to
mean. This section is subdivided by each individual test.
Test Number One
Upon opening the cyclette, the smell was very mildly of vinegar, but the food scraps still
remained entirely intact. The food scraps appeared to have had very little to no change from the
appearance at the start of the cycle. This first cycle did not seem to work very well.
There are several reasons thought to have been the cause of this incorrect function of the
cycle. These reasons included: the material being too dry; the pieces being too large and
potentially not enough culture mix had been added. Prior to being put into the Bokashicycle
cyclette the food scraps had been in a bowl sitting on the countertop while enough material was
accumulated and after several days, the potato and sweet potato skins were very dry. The food
scraps were torn up by hand and the average size was a little larger than quarter sized
(approximately ranging from two to four cm in width). The smaller the particle size of the food
scraps were would increase surface area in which the reaction could take place on. The smaller
the particle size, the more efficient the processing will be (Green, written com.). Upon returning
to the California Polytechnic State University Campus and measuring the weight of the
remaining Bokashicycle culture mix (anaerobic microbe and molasses blend) in the bag from this
experiment, it could be deduced that only approximately half the amount of recommended
microbe mix had been added for this test.
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Test Number Two
Upon opening the cyclette, there was a reasonably strong smell of vinegar which was
indicative that fermenting had taken place. There was so much soil added to this test and having
ground the food particles up so small, it was hard to see the individual food particles present at
the beginning or the end of this experiment. The counted success was based simply on the
reasonably strong vinegar smell.
Test Number Three
The smell of the cyclettes when opened varied depending on the method used. The soil
and Bokashicycle food scrap remains method cyclettes smelled more strongly of rotting flesh
than the other three cyclettes following the Bokashicycle viscera accelerant method that were
predominantly overwhelmed with a smell of vinegar.
The test for the presence of E. coli before the anaerobic composting took place came out
positive. The test was performed in triplicate and exhibited a very high reading for E. coli in all
three tests at time zero (Figure 19). The quantity trays used for these tests have 49 large wells
and 48 small wells. When looking at the wells under normal light the wells will be a yellow color
if they have a bacterial coliform of some sort present (Figure 14). When looking at the wells
under ultraviolet light, of the yellow colored wells containing bacterial coliforms, the wells
containing E. coli will glow (Figure 15). A Microsoft Excel spreadsheet with a particular
formula inputted by the IDEXX Company was used to give the most probable numbers of E. coli
bacteria present at each dilution and these most probable numbers allowed the extrapolation of
the number of colony forming units (CFU) present in each test (Figure 19).
The test for E. coli that was conducted after 22 days of anaerobic composting still showed
a presence of E. coli but the concentrations of E. coli had been significantly reduced in all six
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cyclettes (Figure 19). The cyclettes that used the Bokashicycle viscera accelerant method
performed significantly better than the cyclettes that followed the method using the Bokashicycle
food scrap and soil (from Test Numbers One and Two). Nevertheless, both methods had
impressive reductions in the E. coli quantities (Figure 19). The reason the soil and food scrap
method is thought to not have worked as efficiently, was more than likely a result of the pH not
being able to be lowered to the required pH of six or lower.
Test Number Four
Upon opening the three cyclettes (numbers one, two and three), the smell was even more
strongly of vinegar than any test before. The texture of the viscera was much more tender and
pieces of viscera were more easily pulled apart with ones hands than before. Previously the
viscera was so tough that it required being cut by a sanitary razor blade in order to get samples
down to the correct size/weight. This test furthered the effectiveness of the process yet again
reducing the amount of E. coli present overall. The 10^-1 dilution contained too much solid
matter and the quantity trays were unable to undergo indicative color change after incubation and
therefore yielded no direct data. Nevertheless, reductions from Test Number Three were shown
as seen in Figure 19. The 10^-3 dilution for cyclette number three and cyclette number two still
read zero as in Test Number Three. All of the wells in the quantity trays for dilutions of 10^-3
and 10^-2 of cyclettes two and three had zero wells test positive for E. coli. Cyclette number 1
on the other hand, increased the number of E. coli positive wells in the 10^-3 dilution which did
not correlate with the improvements of the other cyclettes and brought the average of the three
cyclettes significantly up as is portrayed in Figure 19. The final test was to look at the
MacConkey plates and see if any E. coli was present for the cyclettes reading zero to the lowest
accurate dilution. The MacConkey plate from cyclette number one had a prescence of E. coli but
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only developed about 15 colonies on the plate. Cyclette number two had zero colonies develop
on the MacConkey plate indicating no presence of E. coli. Cyclette number three had many
colonies develop on the MacConkey plate (Figure 18).
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CHAPTER 4
Conclusion
This section will include final findings and thoughts about the study.
This study showed that both methods tested were effective in lowering E. coli
concentrations. Also of the two methods followed in this study, it is evident from the findings
that the Bokashicycle viscera accelerant method developed by Dr. Larry Green was the most
effective. The tests carried out in this study have also shown that this cycle can successfully
eradicate E. coli entirely through anaerobic composting as was demonstrated in cyclette number
two. The problem for this study had to do with consistency in this eradication. The main
hypothesis on why this cycle appeared inconsistent in this study is a result of particle size. Due
to cutting the viscera by hand, the bite size pieces were relatively large and not uniform in size.
Based on the evidence found from the differences of Test Number One to Test Number Two, by
increasing surface area through reducing particle size helped the effectiveness of the cycle
significantly. This increased surface area would allow the reactions between the microbes and
the viscera pieces to take place in more locations and increase overall efficiency(Green, 2013).
Also having the pieces of viscera more uniform in size would increase consistency from one
cyclette to another.
This study was originally established to find whether anaerobic composting could be a
more sustainable and more convenient method of disposing of viscera from local slaughters and
after having one cyclette become E. coli free, it seems very possible. With narrowing down the
most effective and consistent way of getting results of zero presence of E. coli, the sustainability
of this and overall convenience will be far greater than current methods for viscera disposal from
local slaughters. This would be more sustainable as the nutrients of the composted, E. coli free
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viscera could be placed back into the working ranch soils to aid in maintaining soil fertility for
grass production. This would also increase convenience as all of the viscera would not need to
be transported to a cooling room and would avoid fees from rendering companies to pick up the
viscera. Given more time and resources, this study could be carried much further. The
efficiency of cutting up the viscera could be done by using a grinder of some sort. This would
also increase surface area and create much more uniformity of visceral size between cyclettes.
Although the results of this study are not entirely indicative of total success, the results are
enough to show promise and the need for further research in this area of study.
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Appendix
Table 1. This data is from Test Number Three before the lids of the cyclettes were sealed testing
for the presence of E. coli. This table displays the presence of bacteria coliforms generally
compared to coliforms of E. coli present and shows the most probable number of E. coli bacteria
present. This data was gathered on February 20, 2013 and the IDEXX quantity trays were left in
an incubator for 20 hours at 37 degrees Celsius.
Sample

Normal Light

Normal Light

Ultraviolet

Ultraviolet

E. coli

Letter &

Count (Large

Count (Small

Light (Large

Light (Small

Quantity ^^^

Dilution

Wells)

Wells)

Wells)

Wells)

A 10^-7

49

48

49

48

2419.57

A 10^-8

49

16

49

16

275.51

A 10^-9

26

2

23

2

32.67

A 10^-10

2

1

6

1

7.38

A 10^-11

6

0

2

0

2.02

A 10^-12

4

0

4

0

4.13

B 10^-7

49

41

49

41

1203.33

B 10^-8

47

5

46

4

121.03

B 10^-9

17

1

16

1

20.11

B 10^-10

20

1

19

1

24.62

B 10^-11

10

1

9

1

10.89

B 10^-12

3

0

3

0

3.06

C 10^-7

49

34

49

32

686.67

C 10^-8

48

14

46

10

146.72

C 10^-9

21

0

19

3

27.18

C 10^-10

18

0

16

0

18.9

C 10^-11

3

0

3

0

3.06

32

C 10^-12

1

0

1

0

1

^^^MPN/10 ml( Most Probable Number/ 10 ml)

Table 2. This data is from Test Number Three after the cyclettes have gone through the
anaerobic composting cycle for 22 days in a greenhouse that had a temperature between 24 and
27 degrees Celsius. This data was gathered on March 13, 2013 after the IDEXX quantity trays
had been incubating at 37 degrees Celsius for 18.5 hours. This table displays the presence of
bacteria coliforms generally compared to coliforms of E. coli present and shows the most
probable number of E. coli bacteria present.
Cyclette

Dilution

Number

Normal

Normal

Ultraviolet

Ultraviolet Light

E. coli

Light

Light (Small

Light (Large

(Small Wells)

Quantity ^^^

(Large

Wells)

Wells)

Wells)
1

10^-3

46

15

34

6

65.04

1

10^-4

9

0

4

0

4.13

1

10^-5

3

0

1

0

1

1

10^-6

0

0

0

0
<1

2

10^-3

1

0

0

0
<1

2

10^-4

0

0

0

0
<1

2

10^-5

0

0

0

0
<1

2

10^-6

0

0

0

0
<1

33

3

10^-3

9

0

4

0

4.13

3

10^-4

1

0

1

0

1

3

10^-5

0

0

0

0
<1

3

10^-6

0

0

0

0
<1

4

10^-3

49

48

49

47

2419.57

4

10^-4

49

46

49

45

1732.89

4

10^-5

48

13

46

11

151.52

4

10^-6

21

2

19

2

25.9

5

10^-3

49

48

49

48
>2419.57

5

10^-4

49

47

49

47

2419.57

5

10^-5

49

35

49

18

307.59

5

10^-6

40

1

20

1

26.21

6

10^-3

49

48

49

48
>2419.57

6

10^-4

49

48

49

48
>2419.57

6

10^-5

49

25

42

25

164.32

6

10^-6

31

1

30

1

45.49

34

^^^MPN/10 ml( Most Probable Number/ 10 ml)
Table 3. This data is from Test Number Four and shows the result of an additional 8 days of
additional anaerobic composting from the last test in a room with a temperature between 24 and
25 degrees Celsius. It can be noted that there was still an overall trend of decreasing E. coli
quantities when values from Table 2 and Table 3 are compared. These quantity trays were
reviewed after incubating for 19.5 hours at 37 degrees Celsius.
Cyclette

Dilution

Number

1

Normal Light (

Normal Light

Ultraviolet

Ultraviolet

E. coli

Large Wells)

(Small Wells)

(Large Wells)

(Small

Quantity

Wells)

^^^

10^-1
N/A

N/A

N/A

N/A

N/A
410.58

1

10^-2

49

37

49

23

1

10^-3

49

48

49

48
>2419.57

2

2

10^-1

10^-2

N/A

N/A

N/A

N/A

0

0

0

0

N/A

<1
2

10^-3

3

10^-1

3

10^-2

0

0

0

0

<1

N/ A

N/A

N/A

N/A

N/A

6

0

0

0
<1

3

10^-3

2

0

0

0
<1

35

^^^ MPN/10 ml ( Most Probable Number/ 10 ml)
***Note: the N/A values entered in this table are a result of too many solids being present in the
10^-1 dilutions and therefore the color could not accurately be denoted.

Table 4. This data was observed from the MacConkey plate samples taken as part of Test
Number Four. These MacConkey plates were incubated for 19.5 hours at 37 degrees Celsius
before being evaluated.
Cyclette Number

Description

1

Small Pink Blotch; approximately 15 colonies

2

No Pink Blotches; 0 colonies

3

Many Pink Blotches
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